An interesting silver(I)-catalyzed,o ne-pot intramolecular cyclization of epoxide-propargylic esters is described. Av ariety of 1,4-oxazine derivatives were obtained through an ovel domino sequence, including three-membered ring-opening, 3,3-sigmatropic rearrangement,6 -exo-cycloisomerization and subsequent intramolecular elimination in moderatey ields under mild conditions. Amongt he variety of transition-metal-catalyzed transformations of alkynes that have achieved significant development to date, [1] the transformations with regard to oxo-functionalization of alkynesh ave attracted speciali nterest.
zation of epoxide-propargylic esters is described. Av ariety of 1,4-oxazine derivatives were obtained through an ovel domino sequence, including three-membered ring-opening, 3,3-sigmatropic rearrangement,6 -exo-cycloisomerization and subsequent intramolecular elimination in moderatey ields under mild conditions. Amongt he variety of transition-metal-catalyzed transformations of alkynes that have achieved significant development to date, [1] the transformations with regard to oxo-functionalization of alkynesh ave attracted speciali nterest. [2] Cyclizations of epoxy alkynes have provided rapid access to complex molecular structures in an easy one-pot process, in which aw ide range of metal complexes such as those with gold or silver can be used, either in as toichiometricorac atalytic manner. [3] Alkynyl epoxides can be divided into two parts:n on-tethered alkynyl epoxidesa nd X-tethered alkynyl compounds (X= C, N, O).I ng eneral, transition-metal-catalyzed reactions of alkynyl epoxides can start from an alkynyl moiety or an epoxide moiety,a nd the general reaction modes have been shown in Scheme 1. For instance, Krause and co-workersr eported that, when alkynyl epoxide compounds were catalyzedb yacopper hydride catalyst, av inylcopperi ntermediatec an be formed through a syn addition of the copper hydride to the triple bond, and vinyl oxirane can be obtainedi nt he presence of an alcohol by ap rotodemetalation process( Scheme 1a).
[3h] On the other hand, in the presence of ag old catalyst, the addition of alkynyl oxiranes (R 1 =H, R 2 and R 3 =ÀCH 2 (CH 2 ) 3 CH 2 À)w ith an oxidizing agent such as pyridine oxide at the terminal position of the alkynylm oiety could produce an allenyl-metal alkoxide intermediate that would play ak ey role of the nucleophilic addition in the next scenario (Scheme1b). [4] In this respect, our group hasa lso reported ag old-catalyzedi ntramolecular cascade cyclizationr eaction of N-tethered alkynyle poxides to afford av ariety of ketal skeletons derivatives under mild conditions (Scheme 1c). [5] As ap arto fo ur continuousi nteresti nt ransition-metal-catalyzed or -mediated reactions of alkynyl epoxide and propargylic ester compounds, [5, 6] we designed av ariety of N-tethered epoxide-propargylic ester compounds and, herein, we report our investigation on silver-catalyzed transformation of these compound to 3,4-dihydro-1,4-oxazine derivatives via ad omino process including three-membered ring-opening, 3,3-sigmatropic rearrangement,6 -exo-cycloisomerization and subsequent intramolecular elimination (Scheme 1d).
Initially,w ec ommenced our investigation by using epoxidepropargylic ester 1a as amodel substrate to optimize the reaction conditions. The resultsa re summarized in Ta ble 1. We found an interesting six-membered 1,4-oxazine product, 2a, which was formed in at otal yield of 53 %a long with 1:2 d.r. within 1h upon treating 1a with AgSbF 6 , p-toluenesulfonic acid (p-TsOH) in anhydrous 1,2-dichloroethane (DCE) and methanol (MeOH) at 60 8C( Ta ble 1, entry 1). However,w hen 1a was treated with other metal catalysts, such as Yb(OTf) 3 ,S c(OTf) 3 , Ph 3 PAuCl/Yb(OTf) 3 ,P h 3 PAuCl/AgSbF 6 ,o rAu-1,n od esired product was obtained (Table 1 , entries 2-6). The reason for the failure of gold(I)c atalysts is that, as compared to the corresponding donor-substituted alkynes, [7] gold(I)c atalysts might be too reactive and can easily or efficiently coordinate to the electron-rich diene, [8] further enhancing its reactivity and subsequently leadingt od ecompositiono ft he desired products. Then, various silver(I)c atalystsw ere examined. Under the standard conditions, when AgBF 4 ,A gOTs, AgClO 4 ,A gOTf, CF 3 CO 2 Ag, and AgNTf 2 were used as the catalysts to carry out the reaction, the desired product 2a was obtained in 56, 62, 62, 60, 37, and 66 %t otal yields within 1h,r espectively (Table 1 , entries 7-11 and 15). Using AgNO 2 as the catalystg ave the desired product 2a in 42 %t otal yield within 5h (Table1,e ntry 12). However, when AgNO 3 and AgOAc wereu sed as the catalysts, the reaction did not give the desired product 2a (Table1,e ntries 13 and 14). After identifying AgNTf 2 as an appropriate catalyst, we optimized other criticalr eaction parameters, such as the amount of p-TsOH, solvent, and alcohol. First, we found that increasingthe amount of p-TsOH did not afford the better results (Table 1 , entries 16-18), buti nt he absence of p-TsOH, the reaction gave 2a in al ower yield (32 %) after al ongert ime (6 h) ( Table 1 , entry 19) than that in the presence of p-TsOH (Table 1,  entry 15 ). Thus, we believe that p-TsOH was beneficial to the ring-opening process. [5, 9] Then, the solvent effects were also examined by using AgNTf 2 as the catalyst. In tetrahydrofuran (THF) and 1,4-dioxane, inferiorr esultsw ere obtained;o nly a2 1% total yield of the desired product 2a was obtained in bromobenzene, and when using CH 3 CN as the solvent, no desired product was obtained (Table 1, entries 19-22) . Finally, when iPrOH, tBuOH, BnOHw as used as the nucleophilic reagent insteado fM eOH,t he corresponding products 2 were formed in 39, 43, and 37 %y ields, respectively (Table 1 , entries 23-25). Furthermore, when PhNH 2 was used instead of MeOH,n one of the desired product was obtained ( Table 1 , entry 27) because the use of PhNH 2 might lead to deactivation of the silver catalyst. When H 2 Ow as used as the nucleophilic reagent insteado fM eOH, the desired productw as again not obtained, perhaps owing to its weaker nucleophilicity and the decomposition of the silver catalyst(Ta ble 1, entry 28).
Thus, the use of AgNTf 2 (10 mol %) and p-TsOH (10 mol %) in dry DCE and dry MeOH at 60 8Cw ere found to be the most efficient reaction conditions for this transformation and were used as the optimized conditions.
With the optimized reactionc onditions in hand, we next turned our attention to investigate the scope andl imitation of this reaction by using av ariety of epoxide-propargylic esters 1b-1o,a nd the resultsa re summarized in Ta ble2.A sc an be seen from Table 2 , all of the reactions proceeded smoothly to give the corresponding products 2b-2f in 41-53% total yields and 1:1.2-1:2.2 d.r.a tt he optimized conditions when R 1 /R 2 were ethyl, isopropyl, isobutyl, or cycloalkyl groups,s uggesting that the steric effect of R 1 /R 2 groups did not have as ignificant impact on this reaction. When the N-tethered group was replaced by 2-methylbenzenesulfonyl (1g), 2,4,6-trimethylbenzenesulfonyl (Mes, 1h), 2,4,6-triisopropylbenzenesulfonyl (1i), and phenylmethanesulfonyl (1j), the corresponding products were obtained in 39, 30, 47, and 39 %t otal yields, respectively.Moreover,i rrespective of whether Ar was changed to 1-naphthyl (1k), 4-fluorophenyl( 1l), 4-chlorophenyl (1m), or 4-bromophenyl(1n), the reactions proceeded smoothly to give the corresponding products 2k-2n in 40-63 %y ields. As for substrate 1o,i nw hich R 3 was a4 -bromobenzenesulfonyl (Bs) group and Ar was replaced with a4 -bromophenyl group, the desired product 2o was obtained in 50 %t otal yield along with 1:1.8 d.r.T he structure of anti-2o has been unequivocally confirmedb yu sing X-ray diffraction. Its ORTEP drawing is shown in Figure1 and the relatedc rystal data are presentedi nt he Supporting Information. [10] Based on the previousl iterature ando ur own results, [5, 6a, b] we propose ap lausible reaction mechanism for this silver(I)-catalyzed transformationi nS cheme 2. The cationic silver(I)f irst activates the alkynyl group upon coordination with the epoxy group, affording intermediate A,w hich is nucleophilically attacked by methanol to give epoxy ring-opening intermediate B.T hen, intermediate B undergoes a3 ,3-sigmatropicr earrangementt og ive carboxyallenyl intermediate C, [11] which undergoes a6 -exo-cycloisomerization to give as ix-membered d.r.
[c]
1AgSbF 6 MeOH DCE 15 31 :2 2Yb(OTf) 3 MeOH DCE 10 trace - [g] 3Sc(OTf) 3 MeOH DCE 10 trace - [g] 4Ph 3 PAuCl/Yb(OTf) 3 MeOH DCE 12 trace - [g] 5Ph 3 PAuCl/AgSbF 6 MeOH DCE 10 trace - [g] However,t he alternative simple 6-exo addition/elimination process is also possible for this step.
Twoc ontrol experimentsw ere performed. One control was conducted by treating 1a under the optimizedr eaction condition in the absence of silver(I) catalyst, only affording the correspondingr ing-opening product, and another control experiment used propargylic ether instead of propargylic acetate to carry out the reaction, but no desired product was obtained under the standard condition (Scheme 3);f or the more detailed information, see the Supporting Information.
Thus far,t he synthesis of six-membered 1,4-oxazine derivatives have drawn much attention from organic chemists, because they exist in variousnatural products and possess significant biological and medicinal activities. [12] For instance, amorolfine 3 and several1 ,4-benzoxazinones derivatives 4 are efficient antifungal agents, and amorolfine is already commercialized and sold in the drug market. The antiphlogistic, antipyretic, and analgesic effects of 4-aminoalkyl-2,3-dihydro-1,4-benzoxazin-3-ones 5 led to the proposed use of some of these compounds as efficient pharmaceuticals (Figure 2 ). Our new synthetic method for the preparation of 2 may provide an alternative method for the synthesis of these core structures in 3-5 upon furthertransformation.
In conclusion, we have developed an interesting silver(I)-catalyzed intramolecular cyclization of N-tethered epoxide-propar- Table 2 . Substrate scope of the intramolecular cyclization. [a] [a] Reactionw as carried out with 1 (0.1 mmol), AgNTf 2 (0.01mmol), pTs OH (0.01mmol) in 0.5 mL anhydrous DCE and 0.5 mL anhydrous MeOH at 60 8Cf or 1h.Y ields are those of the isolatedy ields. All d.r.v aluesa re determined by 1 HNMR spectroscopic data. Scheme3.The two control experiments that were performed. ChemistryOpen 2017, 6,21-24 www.chemistryopen.org 2017 The Authors. Publishedb yWiley-VCH Verlag GmbH &Co. KGaA, Weinheim gylic esters for the construction of av ariety of 1,4-oxazine derivatives through an ovel domino pathway consisting of threemembered ring-opening, 3,3-sigmatropic rearrangement,6 -exo-cycloisomerization, and subsequent intramolecular elimination under mild conditions. Further investigation into the mechanism and the extensiona nd modification of this procedure to the synthesis of other heterocycles are under way in our laboratory.
